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(54) INK JET PRINTER PROVIDED WITH MAINTENANCE SYSTEM 

(57) An Ink-Jet printer comprises a machine frame 
(14); a printing head (16) provided reciprocatingly mov- 
able in a predetermined direction in the machine frame, 
the printing head including a plurality of nozzles (28) for 
ejecting ink droplets and at least one nozzle surface 
(30) on which the nozzles open; ink-supply means (18) 
for supplying ink to the printing head; material-feeding 
means (20) for feeding a material to be printed (M) into 
a printing area (P) opposed to the printing head in the 
machine frame; and maintenance means (22) provided 
with a plurality of functional stations distributive^ 
arranged at opposite end regions of a reciprocation 
range of the printing head in the machine frame. The 
functional stations include a sealing station (5B) for sub- 
stantially sealing and covering the nozzles opening on 
the nozzle surface of the printing head during an inoper- 
ative state of the printer so as to prevent ink in the noz- 
zles from drying, a discharging station (60) for making 
ink, having an increased viscosity during the inoperative 
state of the printer, discharge from the nozzles, and a 
cleaning station (62) for sucking to remove ink, having 
an increased viscosity during the inoperative state of 
the printer, and for washing and wiping the nozzle sur- 
face. 
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Des ription 

TECHNICAL FIELD 

[0001] The present invention relates to a non- 
impact type printer, and particularly to an ink-jet printer 
using a quick-dry-type pigment ink. 

BACKGROUND ART 

[0002] As no n -imp act type printers are less noisy 
during printing of characters or images and can perform 
color printing, they have been used in various fields. For 
example, an ink-jet printer wherein ink-droplets are 
ejected from a number of micro-nozzles provided in a 
printing head onto a material to be printed to carry out a 
printing operation, and particularly an on-demand type 
ink-jet printer wherein piezoelectric elements are used 
in the printing head, has recently prevailed as an output 
device for a personal computer or a word processor, 
because it can print art a plain paper and the size of the 
printer body thereof is easily reduced. 
[0003] On the other hand, impact-type printers have 
relatively simple structures, which makes the mainte- 
nance thereof easy, and have advantages in running 
cost due to, e.g., an inexpensive ink ribbon, and are thus 
widely used as printers for industrial use, such as a 
printer for printing on a bankbook or a slip in a bank 
(hereinafter referred to as a bankbook printer). Nowa- 
days, however, even in the field of bankbook printers, 
requirements have been risen for, e.g., noise reduction, 
downsizing and an improvement in operation time (i.e., 
a time period required for user's operation between the 
introducing of a bankbook into the printer and the 
retrieval thereof after it is printed). Therefore, it has 
become difficult to satisfy these requirements with an 
impact-type printer. 

[0004] One problem to be solved when an ink-jet 
printer is used as an industrial printer concerns the 
maintenance thereof. 

[0005] Generally, in the ink-jet printers, the drying- 
- up of ink in the nozzles of a printing head, fluctuation of 
an ink meniscus therein, excessive ink attaching onto 
the peripheral region of nozzle openings in a nozzle sur- 
face of the printing head, and so on, may become the 
main factors for disturbing the control of ejection of ink 
droplets and reducing printing quality. Accordingly, most 
conventional ink-jet printers have been provided with 
maintenance devices for excluding these factors reduc- 
ing printing quality, which may be caused during the 
inoperative state of the printer, so as to recover the 
printing quality before starting the subsequent printing 
operation. 

[0006] As this type of maintenance device, the fol- 
lowing devices have been known: a sealing device for 
hermetically sealing a number of nozzle openings pro- 
vided on a nozzle surface of a printing head, while the 
printer does not operate, to prevent ink from drying near 



the nozzle openings; a washing device for washing the 
nozzle surface after completing the printing operation 
and/or before starting the subsequent printing opera- 
tion; a wiping device for wiping the nozzle surface in a 
5 similar way; a suction device for sucking and removing 
ink provided with increased viscosity (or partially drying 
up) in the nozzles while the printer does not operate, 
before starting the subsequent printing operation; and 
so forth. 

w [0007] In the conventional ink-jet printer, a dyestuff 
ink containing a dyestuff used as a colorant is generally 
used. However, in some application fields of the ink-jet 
printer (e.g., in a bankbook printer), it may be required 
for the ink printed on a material to be printed to dry in a 

is shorter time. On this occasion, a pigment ink of quick- 
dry type" containing a pigment used as a colorant is 
used. 

[0008] When such a quick-dry type pigment ink is 
used as an ink for the ink-jet printer, it is desired that the 

20 function of the above-mentioned maintenance devices 
for recovering the printing quality is further enhanced. 
Especially, in the industrial printers, there are extremely 
various conditions of nozzles, which may result in the 
deterioration of printing quality at the beginning of the 

25 next printing operation, because of the various time 
intervals of the inoperative states of the printers. Conse- 
quently, it is desired to convert the maintenance devices 
into a multi-functional system, so as to select and per- 
form an optimum sequence for recovering the printing 

30 quality in view of cost and time, in correspondence with 
the nozzle conditions. However, the conventional ink-jet 
printer has incorporated therein a minimum number 
indispensably selected from the above-mentioned 
maintenance devices mainly due to the dimensional lim- 

35 itation of a machine body, and the ink-jet printer incorpo- 
rating therein a maintenance system having a 
multifunctional printing-quality recovering function has 
not yet been realized. 

[0009] Further, since a printer for industrial use may 
40 be installed and used in various environments, there is 
a necessity for supposing that the printer might be used 
in an environment including ambient air with high dust 
content. Particularly, in the case of the ink-jet printer, it 
is important to prevent dust from attaching to a nozzle 
45 region, and therefore, it is also necessary to prevent 
external dust being entering into and depositing on any 
area of the above-mentioned various maintenance 
devices, the area being expected to access the nozzle 
region during the maintenance operation. 

so 

DISCLOSURE OF THE INVENTION 

[0010] An object of the present invention is to pro- 
vide an ink-jet printer with a maintenance system having 
55 a multifunctional printing-quality recovering function. 
[0011] Another object of the present invention is to 
provide an ink-jet printer, using a quick-dry type pigment 
ink, which can be used as an industrial printer and, par- 
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ticularly, as a bankbook printer. 

[001 2] A further object of the present invention is to 
provide a maintenance system, for use in an ink-jet 
printer, capable of preventing external dust entering into 
and deposited on any area of the maintenance system, 
the area being expected to access to the nozzle region 
during the maintenance operation. 
[0013] A yet further object of the present invention 
is to provide an ink-jet printer incorporating therein such 
a maintenance system, which can be installed and used 
in various environments. 

[0014] To accomplish the above objects, the 
present invention provides an ink-jet printer comprising 
a machine frame; a printing head provided reciprocat- 
ingly movable in a predetermined direction in the 
machine frame, the printing head including a plurality of 
nozzles for ejecting ink droplets and at least one nozzle 
surface on which the nozzles open; ink-supply means 
for supplying ink to the printing head; material-feeding 
means for feeding a material to be printed into a printing 
area opposed to the printing head in the machine frame; 
and maintenance means provided with a plurality of 
functional stations distributive^ arranged at opposite 
end regions of a reciprocation range of the printing head 
in the machine frame, the functional stations including a 
sealing station for substantially sealing and covering the 
nozzles opening on the nozzle surface of the printing 
head during an inoperative state of the printer so as to 
prevent ink in the nozzles from drying, a discharging 
station for making ink, provided with an increased vis- 
cosity during the inoperative state of the printer, dis- 
charge from the nozzles, and a cleaning station for 
sucking to remove ink, provided with an increased vis- 
cosity during the inoperative state of the printer, and for 
washing and wiping the nozzle surface. 
[0015] In this ink-jet printer, the sealing station and 
the discharging station may be arranged at one end 
region of the reciprocation range of the printing head, 
and the cleaning station may be arranged at another 
end region of the reciprocation range of the printing 
head. 

[0016] Also, the sealing station may comprise a 
sealing device disposed in the machine frame to be 
shiftable" in a direction toward and away from the print- 
ing head located opposite to the sealing station, and the 
sealing device may include at least one cap for covering 
the at least one nozzle surface of the printing head 
when the at least one cap approaches the printing 
head, and at least one air conduit acting to communi- 
cate a space defined between the nozzle surface and 
the cap with an ambient atmosphere and to substan- 
tially maintain the space at a saturated vapor pressure. 
[001 7] It is preferred that the air conduit of the seal- 
ing device extends at one end thereof into the cap to 
open toward a bottom surface of the cap opposed to the 
nozzle surface of the printing head, and extends at 
another end thereof in a meandering manner to open 
into the ambient atmosphere. 



[0018] It is advantageous that the sealing device 
includes an openable/closable cover member for sub- 
stantially sealing an opening of the cap when the seal- 
ing device does not operate. 

5 [0019] It is preferred that the sealing device further 
includes a body for elastically supporting the cap. 
[0020] In this arrangement, it is advantageous that 
a spherical supporting surface is provided in association 
with at least one of the cap and the body, and that the 

10 cap is supported on the body through the supporting 
surface. 

[0021] The cleaning station may comprise a suction 
device disposed in the machine frame to be shiftable in 
a direction toward and away from the printing head 

15 located opposite to the cleaning station, a washing 
device coupled to the suction device, and a wiping 
device disposed in the machine frame to be shiftable in 
a direction toward and away from the printing head 
located opposite to the cleaning station. 

20 [0022] The suction device may include at least one 
cap for covering the at least one nozzle surface of the 
printing head when the at least one cap approaches the 
printing head, a pump connected with a space defined 
between the nozzle surface and the cap to generate a 

25 negative pressure in the space when the pump oper- 
ates, and a waste-liquid storage section connected with 
the pump to store ink sucked and removed from the 
nozzles. 

[0023] It is preferred that the suction device further 
30 includes a body for elastically supporting the cap. 

[0024] In this arrangement, it is advantageous that 
a spherical supporting surface is provided in association 
with at least one of the cap and the body, and that the 
cap is supported on the body through the supporting 
35 surface. 

[0025] It is preferred that the washing device 
includes a washing-liquid storage section connected to 
the space defined between the nozzle surface of the 
printing head and the cap of the suction device, and a 

40 valve member disposed between the space and the 
washing-liquid storage section, and that the valve mem- 
ber acts, to interrupt communication between the space 
and the washing-liquid storage section during an opera- 
tion of the suction device for sucking to remove ink from 

45 the nozzles, and to open communication between the 
space and the washing-liquid storage section after the 
operation for sucking has been completed. 
[0026] In this arrangement, the pump of the suction 
device may operate during an opening state of the valve 

so member of the washing device, so as to make a wash- 
ing liquid discharge from the washing-liquid storage 
section into the space, and to collect the washing liquid 
into the waste-liquid storage section. 
[0027] It is desired that at least one washing-liquid 

55 conduit independent from the ink-supply means is pro- 
vided between the cap of the suction device and the 
washing-liquid storage section of the washing device. 
[0028] A displacement of the suction device and the 
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wiping device relative to the printing head as well as an 
opening/closing operation of the valve member of the 
washing device may be performed by a common drive 
source. 

[0029] Preferably, the suction device includes an 
openable/closable cover member for substantially cov- 
ering an opening of the cap when the suction device 
does not operate. 

[0030] The wiping device may include an endless 
tape-like wiping member capable of coming into contact 
with the at least one nozzle surface of the printing head 
when the wiping device approaches the printing head, 
and a feeding mechanism for feeding the wiping mem- 
ber every time a wiping operation has been completed 
to renew an operative section to be in contact with the 
nozzle surface. 

[0031] A displacement of tfre wiping device relative 
to the printing head as well as a feeding operation of the 
feeding mechanism may be performed by a common 
drive source. 

[0032] The ink-supply means may comprise three 
separate ink-storage sections and three separate ink- 
supply conduits connecting the ink-storage sections to 
the printing head, and the printing head may comprise 
three separate subheads connected to the ink-supply 
conduits, each of the subheads being provided with the 
nozzles and the nozzle surface. 
[0033] In this arrangement, the ink-jet printer may 
be used as a color printer. 

[0034] Alternatively, the ink-jet printer may be used 
as a bankbook printer. 

[0035] The present invention also provides a nozzle 
sealing device disposed in a reciprocation range of a 
printing head of an ink-jet printer, comprising a body 
shiftable in a direction toward and away from the print- 
ing head located opposite thereto; at least one cap pro- 
vided in the body to cover a nozzle surface of the 
printing head when the cap approaches the printing 
h ad; and at least one air conduit acting to communi- 
cate a space defined between the cap and the nozzle 
surface of the printing head with an ambient atmos- 
phere and to substantially maintain the space at a satu- 
rated vapor pressure. 

[0036] It is preferred that the air conduit extends at 
one end thereof into the cap to open toward a bottom 
surface of the cap opposed to the nozzle surface of the 
printing head, and extends at another end thereof in a 
meandering manner to open into the ambient atmos- 
phere. 

[0037] Preferably, the nozzle sealing device further 
comprises an openable/closable cover member for sub- 
stantially covering an opening of the cap when the noz- 
zle sealing device does not operate. 
[0038] The present invention further provides a 
nozzle washing device disposed in a reciprocation 
range of a printing head of an ink-jet printer, comprising 
a body shiftable in a direction toward and away from the 
printing head located opposite thereto; at least one cap 



provided in the body to cover a nozzle surface of the 
printing head when the cap approaches the printing 
head; a washing-liquid storage section connected to a 
space defined between the cap and the nozzle surface 

5 of the printing head; a valve member disposed between 
the space and the washing-liquid storage section; a 
pump connected to the space to generate a negative 
pressure in the space when the pump operates; and a 
waste-liquid storage section connected to the pump to 

70 store a washing liquid sucked and removed from the 
space; wherein the pump operates, while the valve 
member interrupts communication between the space 
and the washing-liquid storage section, to suck and 
remove ink from the nozzles of the printing head, and 

75 wherein the pump operates, while the valve member 
opens communication between the space and the 
washing-liquid storage section, to make a washing liq- 
uid discharge from the washing-liquid storage section 
into the space and to collect the washing liquid into the 

20 waste-liquid storage section. 

[0039] At least one washing-liquid conduit inde- 
pendent from an ink-supply system of the ink-jet printer 
may be provided between the cap and the washing-liq- 
uid storage section. 

25 [0040] Preferably, the nozzle washing device further 
comprises an openable/closable cover member for sub- 
stantially covering an opening of the cap when the noz- 
zle washing device does not operate. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] The above and other objects, features and 
advantages of the present invention will be described 
with reference to the preferred embodiments shown in 
35 the attached drawings, wherein: 

Fig. 1 is a schematic perspective view showing in a 
partially perspective manner the main components 
of an ink-jet printer incorporating therein a mainte- 
40 nance system according to one embodiment of the 
present invention; 

Fig. 2 is a schematic view of the maintenance sys- 
tem incorporated in the ink-jet printer shown in Fig. 
1; 

45 Fig. 3 is a schematic perspective view of a printing 
head of the ink-jet printer shown in Fig. 1; 
Fig. 4 is a schematic perspective view of a sealing 
device of the ink-jet printer shown in Fig. 1 ; 
Fig. 5 is a schematic sectional view of the sealing 

so device shown in Fig. 4; 

Fig. 6 is a schematic perspective view of a support 
plate of the sealing device shown in Fig. 4; 
Fig. 7 is a diagram illustrating the timing of opera- 
tion of the sealing device shown in Fig. 4; 

55 Fig. 8 is a schematic perspective view of a suction 
device and a washing device of the ink-jet printer 
shown in Fig. 1; 

Fig. 9 is a view similar to Fig. 8, wherein a part of a 
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body of the suction device, a cover member and a 
second cam are omitted; 

Fig. 1 0 is a partially sectional schematic view of the 
suction device and the washing device shown in 
Fig. 8; " 5 

Figs. 11A and 11B are schematic sectional views 
respectively showing the upward and downward 
motions of the suction device shown in Fig. 8; 
Fig. 12 is a schematic sectional view of a modifica- 
tion of the sealing device shown in Fig. 4; w 
Fig. 13 is a schematic perspective view of a wiping 
device of the ink-jet printer~shown in Fig. 1 ; and Fig. 
14 is a diagram illustrating the timings of operation 
of the suction device, the washing device and the 
wiping device of the ink-jet printer shown in Fig. 1 . 75 



BEST MODES FOR CARRYING OUT THE INVEN- 
TION 

[0042] With reference to the drawings, Fig. 1 is a 20 
schematic perspective view showing, in a^partially per- 
spective manner, the main components of an ink-jet 
printer 1 0 incorporating therein a maintenance system 
according to one embodiment of the present invention, 
and Fig. 2 is a schematic illustration of the maintenance 25 
system of the ink-jet printer 10. 

[0043] The ink-jet printer 10 is provided with a 
machine frame 1 4 including an openable/closable hous- 
ing 12 and a machine body not shown, a printing head 
assembly 16 (hereinafter referred to as merely a print- 30 
ing head 16) provided reciprocatingly movable in a pre- 
determined direction (usually in a horizontal direction 
relative to a reference plane on which the printer is 
installed) in the machine frame 1 4, ink-supply means 1 8 
for supplying ink to the printing head 16, a material- 35 
feeding means 20 for feeding a material to be printed M 
into a printing area P opposed to the printing head 1 6 in 
the machine frame 14, and maintenance means 22 
including a plurality of functional stations arranged in a 
distributed manner in opposite end regions of the recip- 40 
rocation range R of the printing head 16 in the machine 
frame 14. 

[0044] The printing head 1 6 is fixed to a carriage 24 
which, in turn, is carried on a guide bar 26, extending in 
the horizontal direction in the machine frame 14, so as 45 
to be slidingly movable in the axial direction of the bar. 
During the printing operation, the printing head 16 is 
reciprocated in the horizontal direction along the guide 
bar 26 by means of a driving mechanism not shown.- 
[0045] As schematically shown in Fig. 3, the print- 50 
ing head 16 is provided with a plurality of nozzles 28 for 
ejecting ink-droplets, a nozzle surface 30 onto which the 
nozzles 28 open, and an actuator 32 composed of pie- 
zoelectric elements for making the nozzles 28 eject ink- 
droplets. In the illustrated embodiment, the printing 55 
head 16 includes separate three subheads 36, each of 
which is provided with the plural nozzles 28, the nozzle 
surface 30 and the actuator 32. Between three sub- 



heads 36 of the printing head 16 and the ink-supply 
means 18, a pressure-fluctuation damping unit or a 
damper 34 is provided for suppressing the pressure 
fluctuation of ink in an ink-supply path and for stabilizing 
a meniscus of ink entering the respective nozzles 28. A 
flexible circuit board 38 for applying a driving voltage 
onto the actuator 32 is shown in Figs. 1 and 3. Also, as 
shown in Fig. 1, the printing head 16 is usually covered 
with an openable/closable cover 39 attached to the car- 
riage 24. 

[0046] As shown in Figs. 1 and 2, the ink-supply 
means 18 is provided with an ink-storage section 40 
arranged at a position apart from the printing head 1 6 in 
the machine frame 14, and an ink-supply conduit 42 
connecting the printing head 16 with the ink-storage 
section 40, to supply an ink, such as a quick-dry type 
pigment ink, to the printing head 16 during the printing 
operation. In the illustrated embodiment, the ink-supply 
conduit 42 is formed of a sufficiently flexible tube so as 
not to interfere with the reciprocating motion of the print- 
ing head 16. 

[0047] Also, in the illustrated embodiment, the ink- 
supply means 18 includes three separate ink-storage 
sections 40 and three separate ink-supply conduits 42 
connecting the respective ink-storage sections 40 to the 
respective subheads 36 of the printing head 1 6 (Fig. 2). 
Accordingly, the ink-jet printer 10 is usable as a color 
printer. Further, in the illustrated embodiment, three ink- 
storage sections 40 are formed within a cartridge type 
ink tank 44 detachably mounted at a predetermined 
position on the machine frame 14. 
[0048] The material-feeding means 20 disposed 
beneath the reciprocation range R of the printing head 
16 includes a material-nipping section 50 having an 
upper fixed plate 46 and a lower movable plate 48 and 
holding the material to be printed M, such as a printing 
paper or a bankbook, inserted between the plates 46, 
48, a correcting mechanism 52 arranged above the 
fixed plate 46 for correcting the feeding direction of the 
material to be printed M held in the material-holding 
section 50, and a feeding mechanism 54 disposed 
above the fixed plate at a position behind the correcting 
mechanism 52 in the material-feeding direction, for 
introducing the material to be printed M, held in the 
material-holding section 50, into the printing area P and 
discharging the same from the printing area P. 
[0049] The printing area P is defined between two 
pairs of feed rollers 56 constituting the feeding mecha- 
nism 54. The printing head 16 reciprocates along the 
guide bar 26 above the printing area R and scans the 
material to be printed M introduced into the printing area 
P while forming characters or images on the material to 
be printed M by ejecting ink droplets from the nozzles 
28. 

[0050] The plural functional stations constituting the 
maintenance means 22 include a sealing station 58 for 
substantially sealing and covering the plural nozzles 28 
opening on the nozzle surface 30 of the printing head 1 6 
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when the printer does not operate, so as to prevent the 
ink in the nozzles 28 from drying, a discharging station 
60 for making the nozzles 28 of the printing head 1 2 dis- 
charge the ink of which the viscosity is increased in the 
nozzles 28 during the inoperative state of the printer, 
and a cleaning station 62 for sucking and removing the 
ink of which the viscosity is increased in the nozzles 28 
during the inoperative state of the printer and for wash- 
ing and wiping the nozzle surface 30. In the illustrated 
embodiment, the sealing station 58 and the discharging 
station .60 are disposed in one end region (a right end 
region in the drawing) of the reciprocation range R of 
the printing head, and the cleaning station 62 is dis- 
posed in another end region (a left end region in the 
drawing) of the reciprocation range R of the printing 
head. 

[0051] Such a distributive arrangement of the vari- 
ous functional stations facilitates the effective utilization 
of an idle space in the machine frame 14 of the ink-jet 
printer 10. That is, in a general ink-jet printer, since the 
printing operation is carried out on the material to be 
printed while the printing head reciprocates in the pre- 
determined direction, the reciprocation range of the 
printing head is determined to be wider than a dimen- 
sion of the material-feeding device disposed opposite to 
the printing head. As a result, an idle space is inevitably 
formed around the material-feeding device. Therefore, 
in the ink-jet printer 10, the above-mentioned functional 
stations for establishing a multifunctional maintenance 
system are distributive ly arranged in the idle space, so 
as to effectively prevent the machine size from being 
enlarged. Further, the ink-jet printer 10 having such a 
multifunctional maintenance system can safety use the 
quick-dry type pigment ink, and thus can be suitably 
applied to printers for industrial use, e.g., to a bankbook 
printer. Constructions of the respective functional sta- 
tions will be described below. 

[0052] The sealing station 58 is provided with a 
sealing device 64 arranged at a position where it can be 
opposed to the printing head 16 located at one end (a 
right end in the drawing) of the reciprocation range R, 
the sealing device 64 being mounted in the machine 
frame 14 shiftably in a direction toward and away from 
the printing head 16. As shown in Figs. 4 to 6, the seal- 
ing device 64 has three caps 66 for individually covering 
the nozzle surfaces 30 of the respective subheads 36 
when approaching the printing head 16, and three air 
conduits 70 for communicating spaces 68 defined 
between respective nozzle surfaces 30 and respective 
caps 66 with an ambient atmosphere so as to maintain 
the spaces 68 at a saturated vapor pressure. 
[0053] Preferably, the sealing device 64 is provided 
with an openable/closable cover member 72 for sub- 
stantially covering the openings of three caps 66 during 
an inoperative state. The cover member 72 acts to pre- 
vent external dust from entering into and being depos- 
ited on the interior of the respective caps 66 of the 
sealing device, the caps being expected to approach 



the area of nozzles 28 of the printing head 1 6 during the 
sealing operation. As a result, the ink-jet printer 10 can 
be installed and used in various environments including 
a dusty environment wherein the ambient atmosphere 

5 has a high dust-content. 

[0054] The sealing device 64 is further provided 
with a body 74 for supporting three caps 66, a drive 
mechanism 76 for shifting the body 74 in the direction 
toward and away from the printing head 1 6 and tor driv- 

io ing the cover member 72 to open and close, and a 
detecting mechanism 78 for detecting an operational 
position of the drive mechanism 76. 
[0055] Three caps 66 are made of elastic materials, 
such as rubber, capable of being respectively in close 

15 contact with the nozzle surfaces 30, and are integrally 
coupled to each other to form a cap member 80. The 
cap member 80 is fixedly received in a recess 84 of a 
support plate 82 secured to the body 74. The support 
plate 82 is structured to be detachably attached to the 

20 body 74 by a snap action, so that the cap member 80 
can be readily cleaned or replaced. 
[0056] Three air conduits 70 are formed in a conduit 
member 86 fixedly connected to the support plate 82. 
The conduit member 86 is provided with three tubular 

25 sections 88 extending into the interior of the respective 
caps 66 while penetrating a wall defining the recess 84 
of the support plate 82 and a wall of the cap member 80, 
and a plate-like section 90 integrally coupled to the 
tubular sections 88 and disposed outside the support 

30 plate 82. Each air conduit 70 extends in each tubular 
section 88, and opens at one end thereof toward a bot- 
tom face 66a of each cap 66 opposed to the nozzle sur- 
face 30. Further, each air conduit 70 is formed as a 
groove meandering in the plate-like section 90, and 

35 opens at the other end thereof to an ambient atmos- 
phere. A film 92 is attached to the plate-like section 90 
to cover the meandering portions of the respective air 
conduits 70. 

[0057] * If the space 68 between the cap 66 and the 

40 nozzle surface 30 is tightly sealed when the body 74 
approaches to the printing head 16 and the respective 
caps 66 are brought into close contact with the nozzle 
surfaces 30 of the respective subheads 36, the inner 
pressure of the space 68 resultantly rises. Such an 

45 inner pressure rise tends to create bubbles in ink held 
inside the nozzles 28 during the nozzle sealing state of 
the sealing device 64. The air conduits 70 act to com- 
municate the spaces 68 with the ambient atmosphere, 
and thus can prevent the inner pressure rise and bubble 

so creation from happening. The air conduits 70 extend in 
a meandering manner in the plate-like section 90 so as 
to increase the entire length thereof, and thus can main- 
tain the interior of the spaces 68 substantially at a satu- 
rated vapor pressure for a long time. Thereby, the 

55 sealing device 64 can effectively prevent the ink held 
inside the nozzles 28 from drying. Also, since the air 
conduit 70 opens toward the bottom face 66a of the cap 
66 in the space 68, a risk of blocking the opening of the 
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air conduit therewith can be avoided, even though the 
ink leaks out of the nozzles 28 and drops into the open- 
ing during the nozzle sealing state. 
[0058] The body 74 of the sealing device 64 is elas- 
tically connected to the machine frame 1 4 through bias- 5 
ing means such as a spring 94, and is biased in a 
direction toward the printing head 16 by the spring 94. 
The drive mechanism 76 includes a drive source 96 
such as an electric motor, a first cant 98 disposed in the 
interior of the body 74 while abutting a cam surface onto 10 
a wall surface of the body 74, and a gear train 100 for 
transmitting a torque from an output shaft 96a of the 
drive source 96 to a shaft 98a of the first cam 98. The 
first cam 98 is driven by the drive source 96 to rotate in 
a direction shown by an arrow A, and shifts the body 74 15 
in the direction away from the printing head 16 against 
the biasing force of the spring 94 depending on a rota- 
tional angle of the first cam. In the illustrated embodi- 
ment, during a single rotation of the first cam 98, the 
body 74 is subjected to one cycle of an up-and-down 20 
reciprocating motion between a full-close position 
where each cap 66 covers the nozzle surface 30 of each 
subhead 36 and a full-open position where each cap 66 
releases the nozzle surface 30. It is preferred that guide 
means, not illustrated, is provided for enabling the body 25 
74 to stably shift up-and-down in a predetermined direcj 
tion. 

[0059] The cover member 72 is elastically con- 
nected to the machine frame 14 through biasing means 
such as a spring 102, is biased toward a direction for 30 
substantially covering the openings of the respective 
caps 66, and is driven by the drive mechanism 76 to 
selectively cover and open the openings of the respec- 
tive caps 66 in association with the up-and-down recip- 
rocating motion of the body 74. For this purpose, the 35 
drive mechanism 76 further includes a second cam 1 04 
mounted to the shaft 98a of the first cam 98. The sec- 
ond cam 104 has an outer peripheral edge 1 04a which 
is abutted to a pin 72a provided on the cover member 72 
within a predetermined range of a rotational angle. 40 
Accordingly, the second cam 1 04 is driven by the drive 
source 96 to rotate together with the first cam 98, and 
the peripheral edge 104a pushes the pin 72a of the 
cover member 72 in accordance with the rotation angle 
of the second cam, so as to move the cover member 72 45 
in a direction for opening the openings of the respective 
caps 66 against the biasing force of the spring 1 02. It is 
preferred that cover-member guide means, not illus- 
trated, is provided for enabling the cover member 72 to 
move stably in a predetermined direction. so 
[0060] The detecting mechanism 78 is structured 
by a gear 1 00a fixed to the shaft 98a of the first cam 98 
and a sensor 106 for detecting a rotational home posi- 
tion of the gear 100a. The detecting mechanism 78 
defines a home position of the shaft 98a of the first cam 55 
98 of the drive mechanism 76 and detects a single rota- 
tion of the shaft 98a from the home position thereof. 
[0061] Fig. 7 illustrates a timing chart of the up-and- 



down motion of the body 74 and the open-and-close 
motion of the cover member 72, both due to the drive 
mechanism 76. A horizontal axis thereof represents a 
rotational angle of the shaft 98a of the first cam 98 from 
the home position. The home position of the shaft 98a is 
defined at a condition, as illustrated, where the body 74 
or the caps 66 are in the fully-open position farthest 
from the nozzle surfaces 30 and the cover member 72 is 
in a fully-closed position for covering the openings of the 
caps 66. 

[0062] When the shaft 98a is driven by the drive 
source 96 to rotate from the home position, first the 
cover member 72 begins to open the openings of the 
respective caps 66. Then, just before the cover member 
72 reaches the full-open position, the respective caps 
66 begin to move in a direction toward the respective 
nozzle surfaces 30. After the cover member 72 has 
reached the full-open position, the respective caps 66 
are abutted to the respective nozzle surfaces 30 (at the 
full-close position) to cover the nozzle surfaces 30. In 
this state, the printing head 16 is waiting for the next 
printing operation, whereby ink in the nozzles 28 is pre- 
vented from being dried during this state. Upon starting 
the next printing operation, the shaft 98a is driven again 
by the drive source 96 to rotate, and the body 74 or the 
respective caps 66 moves away from the respective 
nozzle surfaces 30. At a predetermined timing after the 
respective caps 66 have reached the full-open position 
but before the shaft 98a has rotated in a single rotation 
from the home position, the cover member 72 instantly 
returns to the full-close position due to the biasing force 
of the spring 102. 

[0063] In the case of using a quick-dry type pigment 
ink in the ink-jet printer 10, the ink may still increase in 
viscosity or partially dry in the respective nozzles 28 of 
the printing head 16 in the waiting state at the sealing 
station 58 during the inoperative state of the printer, 
even though the function for preventing the ink from dry- 
ing is properly exhibited in the sealing device 64, due to 
the installation environment and use frequency of the 
printer. The discharging station 60 is provided for recov- 
ering the printing quality by positively discharging such 
ink with increased viscosity or which is partially dried, 
from the nozzles 28 immediately before the waiting 
printing head 16 starts the next printing operation. For 
this purpose, the discharging station 60 is provided with 
an ink receiving vessel 108 fixedly disposed adjacent to 
the sealing device 64 of the sealing station 58 in one 
end (the right end in the drawing) region of the recipro- 
cation range B of the printing head 1 6. The ink receiving 
vessel 1 08 is detachably mounted in the machine frame 
1 4 for the purpose of ink disposal. 
[0064] The discharging station 60 is provided for 
removing in a discharging manner the ink provided with 
increased viscosity during the inoperative state of the 
printer in the respective nozzles 28 of the printing head 
16, and therefore, it is necessary to operate the actua- 
tors 32 of the respective subheads 36 of the printing 
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head 16. On the other hand, the cleaning station 62 is 
structured from a suction device 1 1 0 for positively suck- 
ing, from the outside of the nozzles 28, to remove the 
ink provided with increased viscosity during the inoper- 
ative state of the printer, a washing device 1 12 for wash-" 
ing the nozzle surfaces 30 on which the ink leaks 
around the opening of the respective nozzles 28, and a 
wiping device 114 for wiping the ink or a washing liquid 
held on the nozzle surfaces 30. Accordingly, in the 
cleaning station 62, it is not necessary to operate the 
actuators 32 of the respective subheads 36 of the print- 
ing head 16. 

[0065] The suction device 1 10 of the cleaning sta- 
tion 62 is arranged at a position where it can be 
opposed to the printing head 16 located at another end 
(a left end in the drawing) of the reciprocation range R, 
and is mounted in the machine frame 14 shiftably in a 
direction toward and away from the printing head 16. As 
shown in Figs. 8 to 10, the suction device 110 has three 
caps 116 for individually covering the nozzle surfaces 
30 of the respective subheads 36 when approaching the 
printing head 16, a pump 120 connected to the respec- 
tive spaces 118 defined between the respective nozzle 
surfaces 30 and the respective caps 1 16 and operated 
to create a negative pressure inside the spaces 118, 
and a waste-liquid storage section 122 for storing the 
ink sucked and removed from the respective nozzles 28. 
[0066] Preferably, the suction device 110 is pro- 
vided with an openable/closable cover member 124 for 
substantially covering the openings of three caps 66 
during an inoperative state. The cover member 72 acts 
to prevent external dust from entering into and being 
deposited on the interiorof the respective caps 66 of the 
sucking device, the caps being expected to approach 
the area of nozzles 28 of the printing head 1 6 during the 
sealing operation. AS a result, the ink-jet printer 10 can 
be installed and used in various environments including 
a dusty environment wherein the ambient atmosphere 
has a high dust-content. 

[0067] The suction device 110 is further provided 
with a body 126 for supporting three caps 1 16, a drive 
mechanism 1 1 2 for shifting the body 1 26 in the direction 
toward and away from the printing head 16 and for driv- 
ing the cover member 124 to open and close, and a 
detecting mechanism 130 for detecting an operational 
position of the drive mechanism 128. 
[0068] Three caps 66 are made of elastic materials, 
such as rubber, capable of being respectively in close 
contact with the nozzle surfaces 30, and are fixedly sup- 
ported on cap holders 134 separately and elastically 
joined to the body 126 through biasing means such as 
springs 132. Each spring 132 urges the cap 116, 
through the cap holder 134, in the direction toward the 
nozzle surface 30. Each cap holder 134 has a projection 
134a protruding laterally from the outer circumferential 
surface thereof. Each projection 134a is engaged with 
an opening edge 126a of the body 126 at a position 
where a peripheral lip 116a of the opening of the cap 



116 projects above a top surface of the body 126, 
whereby each cap holder 134 is held on the body 125 
against the biasing force of the spring 132 (Fig. 10). 
[0069] Each cap holder 134 further includes a sup- 
5 port surface 134b bulging out in a spherical shape from 
the bottom face thereof. A tube 135 having a bore com- 
municated with the space 1 1 8 of the cap 1 1 6 is attached 
to each cap holder 134 while penetrating through the 
support surface 134b. Three receiving sections 126b, 
10 each having a hollow tubular shape, capable of bearing 
the respective support surfaces 134b are provided in 
the body 126 at positions opposed to the bottom sur- 
faces of three cap holders 1 34. A bore of each receiving 
section 126b accommodates, in a non-contact manner, 
15 the tube 135 projecting from the support surface 134b 
of the cap holder 134. Each receiving section 126b is 
further provided with an opening edge 126c having a 
generally circular shape, which can slidingly contact 
with the support surface 134b of the cap holder 134. 
20 Consequently, each of three cap holders 134 can shift 
under the independent biasing function of the spring 
132 between an uppermost position at which the projec- 
tion 134a is engaged with the opening edge 126a of the 
body 126 and a lowermost position at which the support 
25 surface 1 34b comes into contact with the opening edge 
1 26c of the receiving section 1 26b. 
[0070] The pump 120 is formed as a triple pump 
which is connected in a fluidic communicative manner 
with three caps 116 through three separate conduit. 
30 members 1 36, and is connected in a fluidic communica- 
tive manner with the waste-liquid storage section 122 
through three separate conduit members 138. Accord- 
ingly, the pump 120 operates, when the body 126 
approaches to the printing head 1 6 and the respective 
35 caps 1 16 are brought into close contact with the nozzle 
surfaces 30 of the respective subheads 36, to generate 
a negative pressure in the respective spaces 118 
defined between the respective nozzle surfaces 30 and 
the respective caps 116. Thereby, the pump 120 sucks 
40 to remove a predetermined amount of ink from the 
respective nozzles 28 and feeds the removed ink to the 
waste-liquid storage section 122. In this regard, three 
conduit members 138 connecting the pump 120 to the 
waste-liquid storage section 122 may be collected to a 
45 single conduit member 138' as shown in Fig. 2. 

[0071] The body 126 is elastically connected to the 
machine frame 14 through biasing means such as a 
spring 140, and is biased in a direction toward the print- 
ing head 16 by the spring 140. The drive mechanism 
so 128 includes a drive source 142 such as an electric 
motor, a first cam 144 disposed in the interior of the 
body 126 while abutting a cam surface onto a wall sur- 
face of the body 126, and a gear train 146 for transmit- 
ting a torque from an output shaft 142a of the drive 
55 source 1 42 to a shaft 1 44a of the first cam 1 44. The first 
cam 144 is driven by the drive source 142 to rotate in a 
direction shown by an arrow B, and shifts the body 126 
in a direction away from the printing head 1 6 against the 



8 



): <EP 1080909A1_I_> 



15 



EP 1 080 909 A1 



16 



biasing force of the spring 140 depending on a rota- 
tional angle of the first cam. In the illustrated embodi- 
ment, during a single rotation of the first cam 144, the 
body 126 is subjected to one cycle of up-and-down 
reciprocating motion between a full-close position 
where each cap 116 covers the nozzle surface 30 of 
each subhead 36 and a full-open position where each 
cap 116 releases the nozzle surface 30. It is preferred 
that guide means, not illustrated, is provided for ena- 
bling the body 126 to stably shift up-and-down in a pre- 
determined direction. 

[0072] When the body 126 is in the full-close posi- 
tion, each cap 116 comes into close contact with the 
nozzle surface 30 of each subhead 36 under the biasing 
force of the spring 140, and each spring 140 can com- 
pensate for a relative error in a positional relationship, 
including a distance, between the body 126 and each 
nozzle surface 30. Accordingly, the total biasing force of 
the springs 132 is selected to be smaller than the bias- 
ing force of the spring 140. 

[0073] "More specifically, when the first cam 144 
slightly rotates from a position shown in Fig. 10 and the 
body 126 thereby reaches the full-close position, the 
peripheral lip 116a of the opening of each cap 116 
comes into close contact with the nozzle surface 30 of 
each subhead 36, and the cap holder 134 fixedly sup- 
porting each cap 116 compresses the spring 132 to be 
located, usually, at the above-described lowermost 
position in the body 126, as shown in Fig. 11 A. In this 
position, each cap holder 134 is abutted at the support 
surface 134b thereof to the opening edge 126c of the 
receiving section 126b of the body 126, so that the bias- 
ing force of the spring 140 is transmitted to each cap 
116 through the body 126 and each cap holder 134 and, 
thereby, each cap 116 comes firmly into close contact 
with each nozzle surface 30. Thereafter, when the first 
cam 144 further rotates and the body 126 thereby 
reaches the full-open position, the peripheral lip 1 1 6a of 
the opening of each cap 116 is disengaged from the 
nozzle surface 30 of each subhead 36, and the projec- 
tion 134a of each cap holder 134 is engaged with the 
opening edge 126a of the body 126 to locate the cap 
holder 134 at the above-described uppermost position 
in the body 126 under the biasing force of the spring 
132. 

[0074] if the body 126 of the suction device 1 10 is 
obliquely disposed in relation to the respective sub- 
heads 36 of the printing head 16, there is a risk that 
each cap 1 16 cannot correctly come into close contact 
with each nozzle surface 30 even when the body 126 is 
in the full-close position. In this regard, according to the 
above arrangement, when the body 126 approaches the 
printing head 16 and each cap 116 initially comes into 
contact with each nozzle surface 30 (Fig. 10), the cap 
116 is individually and elastically supported by the 
spring 132 on the body 126. Therefore, even if the 
respective subheads 36 and the body 126 are obliquely 
disposed relative to each other, the position of each cap 



holder 134 is automatically corrected in the body 126, 
whereby each cap 116 can properly come into close 
contact with each nozzle surface 30. 
[0075] Further, when the body 1 26 reaches the full- 

5 close position and each cap holder 134 is located at the ^. 
lowermost position, the spherical support surface 134b 
is slidably abutted to the circular opening edge 126c of 
the receiving section 126b, so that each cap holder 134 
can freely slide on the receiving section 126b. There- 
to tore, even if the respective subheads 36 and the body 
126 are obliquely disposed relative to each other, the 
position of each cap holder 134 is also automatically 
corrected, so that each cap 1 1 6 can correctly come into 
close contact with each nozzle surface 30 under the 

15 biasing force of the spring 1 40. 

[0076] Shapes of the support surface 134b of the 
cap holder 134 and the opening edge 126c of the 
receiving section 126b are not limited to the above- 
mentioned shapes, provided that the shapes facilitate 

20 the relative sliding motion therebetween. For instance, it 
may be possible to combine the spherical support sur- . 
face 134b with an opening edge 126c extending in a 
rectangular shape. Also, it is possible to form the open- 
ing edge 126c as a spherical surface. Alternatively, a 

25 conical or pyramidal support surface 134b can be com- 
bined with a spherical opening edge 1 26c. However, the 
above-described combination of the spherical support 
surface 134b with the circular opening edge 126c has 
an advantage from the viewpoint of a low sliding resist- 

30 ance and simple molding. 

[0077] The cover member 1 24 of the suction device 
110 is elastically connected to the machine frame 14 
through biasing means such as a spring 148. The cover 
member 124 is biased by the spring 148 in a direction 

35 for substantially covering the openings of the respective 
caps 116, and is driven by the drive mechanism 128 to 
selectively cover and open the openings of the respec- 
tive caps 116 in association with the up-and-down 
motion of the body 124. For this purpose, -the drive 

40 mechanism 128 further includes a second cam 150 
mounted to the shaft 1 44a of the first cam 1 44. The sec- 
ond cam 150 has an outer peripheral edge 150a which 
is abutted to a pin 124a provided on the cover member 
124 within a predetermined range of a rotational angle. 

45 Accordingly, the second cam 1 50 is driven by the drive 
source 1 42 to rotate together with the first cam 1 44, and 
the peripheral edge 150a pushes the pin 124a of the 
cover member 124 in accordance with the rotation 
angle of the second cam, so as to move the cover mem- 

so ber 124 in a direction for opening the openings of the 
respective caps 116 against the biasing force of the 
spring 148. 

[0078] The detecting mechanism 130 is structured 
by a gear 146a fixed to the shaft 144a of the first cam 
55 144 and a sensor 152 for detecting a rotational home 
position of the gear 146a. The detecting mechanism 
130 defines a home position of the shaft 1 44a of the first 
cam 144 of the drive mechanism 128 and detects a sin- 
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gle rotation of the shaft 144a from the home position 
thereof. 

[0079] The above-described floating structure of 
the respective caps 1 1 6 of the suction device 110 can 
also be applied to the respective caps 66 of the sealing 5 
device 64. In this case, a spring 83 is disposed between 
the body 74 of the sealing device 64 and the support 
plate 82, as shown in Fig. 12, so that the support plate 
82 supporting the cap member 80 is floatable above the 
body 74 under the biasing force of the spring 83. A sup- 10 
port surface 82a spherically bulging outward is formed 
on the bottom face of the support plate 82, and a hollow 
tubular receiving section 74a capable of bearing the 
support surface 82a is provided correspondingly on the 
body 74. The receiving section 74a has a generally cir- 15 
cular opening edge 74b capable of coming into sliding 
contact with the support surface 82a of the support 
plate 82. It will be understood that, according to this 
arrangement, even if the respective subheads 36 of the 
printing head 16 and the body 74 of the sealing device 20 
64 are obliquely disposed relative to each other, the 
position of the support plate 82 is automatically cor- 
rected, so that each cap 66 can accurately come into 
close contact with each nozzle surface 30, in the same 
manner as described with reference to the suction 25 
device 110. 

[0080] The washing device 1 12 of the cleaning sta- 
tion 62 includes a washing-liquid storage section 154 
connected to the respective spaces 1 1 8 defined 
between the nozzle surfaces 30 of the respective sub- 30 
heads 36 of the printing head 16 and the respective 
caps 1 1 6 of the suction device 1 1 0, and a valve member 
1 56 disposed between the spaces 1 1 8 and the wash- 
ing-liquid storage section 154. As shown in Fig. 11, 
each cap 1 1 6 of the suction device 1 1 0 is provided with 35 
a conduit section 158 defining a washing-liquid conduit 
158a communicating with the space 118. The washing- 
liquid storage section 154 is connected in a fluidic com- 
municative manner to the conduit sections 158 of the 
caps 116 by three separate piping elements 160 40 
through a wall of the body 1 26 of the suction device 1 1 0. 
In this regard, three piping elements 160 may be col- 
lected to a single piping element 160* as shown in Figs. 
2 and 8. 

[0081] The valve member 156 is structured from a 45 
lever 162 pivotably mounted in the body 126 of the suc- 
tion device 110. The lever 162 is biased by biasing 
means such as a torsion spring to an initial position 
where one end 1 62a thereof is abutted to the conduit 
sections 158 of the respective caps 116. At the initial so 
position, the end 162a of the lever 162 compresses the 
conduit sections 158 of the respective caps 116 under 
the biasing force of the biasing means to close the 
washing-liquid conduits 158a. When the lever 162 is 
rotated in a direction shown by an arrow C against the 55 
biasing force of the biasing means, the end 1 62a of the 
lever 162 is disengaged from the conduit sections 158 
of the respective caps 116 so as to open the washing- 



liquid conduits 158a. 

[0082] This pivot motion of the lever 162 is caused 
by the drive mechanism 1 28 of the suction device 1 1 0 in 
association with the up-and-down motion of the body 
1 24 of the suction device 1 1 0. That is, a third cam 1 64 
is mounted to the shaft 144a of the first cam 144 of the 
suction device 1 1 0 at a position adjacent to the first cam 
144. The third cam 164 is driven by the drive source 142 
of the drive mechanism 128 to rotate in the direction of 
the arrow B and pushes, at the cam surface thereof, the 
other end 162b of the lever 162 in accordance with the 
rotation angle of the third cam. The lever 162 is thereby 
rotated against the biasing force of the biasing means in 
a direction shown by an arrow C, so as to disengage the 
end 1 62a of the lever 1 62 from the conduit sections 158 
of the respective caps 1 1 6. 

[0083] The washing device 1 1 2 operates as follows. 
While the suction device 110 is sucking to remove ink 
from the respective nozzles 28 by the operation of the 
pump 120, the lever 162 is located in the initial position 
and the end 162a thereof acts as a valve member 156 
to compress the conduit sections 158 of the respective 
caps 116 under the biasing force of the biasing means 
so as to close the washing-liquid conduits 158a. 
Accordingly, even if a negative pressure is generated in 
the spaces 118, washing liquid cannot enter into the 
spaces 118. After the suction and removal operation 
has completed, the lever 162 is rotated by the pushing 
action of the third cam 164 while the body 126 of the 
suction device 110 is maintained at the full-close posi- 
tion to keep the respective caps 1 1 6 being in close con- 
tact with the nozzle surfaces 30 of the respective 
subheads 36. Thereby, the end 162a of the lever 1 62 is 
disengaged from the conduit sections 158 of the 
respective caps 116, so as to open the washing-liquid 
conduits 158a. 

[0084] Then, the washing liquid is discharged from 
the washing-liquid storage section 154 through the con- 
duit members 1 60 and the conduit sections 1 58 into the 
spaces 1 18 by the operation of the pump 120, so that 
the nozzle surfaces 30 of the respective subheads 36 
are washed with the washing liquid. In this case, the 
pump 120 may continuously operate subsequent to the 
suction and removal operation, or may be temporarily 
interrupted after the suction and removal operation has 
completed. The washing liquid after it is used is sucked 
through the conduit members 136 by the pump 120 and 
is fed to the waste-liquid storage section 122 through 
the conduit members 138. 

[0085] In the illustrated embodiment, the waste-liq- 
uid storage section 122 and the washing-liquid storage 
section 154 are formed together with three ink-storage 
sections 40 in the cartridge-type ink tank 44 detachably 
mounted to the machine frame 14 at a predetermined 
position (Fig. 2). Also, the conduit members 160 of the 
washing device 1 12 and the conduit sections 158 of the 
respective caps 116 of the suction device 110 form a 
washing-liquid conduit which is independent of the 
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respective ink-supply conduits 42 of the ink-supply 
means 18. 

[0086] As will be understood from the above 
description, the suction device 110 and the washing 
device 1 1 2 have a functional and structural relationship 
to each other. Therefore, these devices may be 
assumed to be, in combination, a washing device hav- 
ing a sucking function or a suction device having a 
washing function. 

[0087] The wiping device 1 14 of the cleaning sta- 
tion 62 is disposed adjacent to the suction device 110, 
and is mounted in the machine frame 14 to be shiftable 
in a direction toward and away from the printing head 16 
located at the other end (left end in the drawing) of the 
reciprocation range R. In the illustrated embodiment, 
the wiping device 1 14 is provided with a casing 166 fix- 
edly joined to the body 126 of the suction device 110, 
and moves upward and downward in association with 
the up-and-down motion of the suction device 110. 
[0088] As shown in Fig. 1 1 , the wiping device 114 
includes an endless tape-like wiping member 1 68 which 
can contact the nozzle surfaces 30 of the respective 
subheads 36 upon approaching the printing head 16. 
and a feeding mechanism 170 for feeding the wiping 
member 168 and renewing an operative surface section 
168a thereof for contacting with the nozzle surfaces 30 
every time the wiping operation is completed. The feed- 
ing mechanism 170 includes a pair of feeding rollers 
172 for nipping the wiping member 168 therebetween 
and feeding it in a predetermined direction, and a gear 
1 74 fixed to a shaft of one of the feeding rollers 1 72. The 
wiping device 114 further includes a set of tension roll- 
ers 176 for applying tension force to the operative sur- 
face section 1 68a of the wiping member 1 68, a movable 
carrier member 178 for slidably carrying a back surface 
of the operative surface section 168a of the wiping 
member 168, and a pair of springs 180 for biasing the 
movable carrier member 1 78 in a direction for projecting 
the operative surface section 1 68a of the wiping mem- 
ber 168 outward from a window 166a of the casing 166. 
[0089] The feeding mechanism 170 of the wiping 
device 1 1 4 is selectively coupled to the drive source 1 42 
of the suction device 110. More specifically, the drive 
mechanism 128 of the suction device 1 1 0 is provided at 
the midway of the gear train 146 with a differential gear 
182 which can turn in accordance with the rotating 
direction of the output shaft 142a of the drive source 
142. Accordingly, when the up-and-down motion of the 
suction device 1 1 0 and the wiping device 1 1 4 relative to 
the printing head 16 as well as the open-and-close 
motion of the valve member 156 of the washing device 
112 are carried out by the common drive source 142, 
the differential gear 182 normally operates in the gear 
train 1 46 so as to transmit a torque from the output shaft 
1 42a of the drive source 1 42 to the shaft 1 44a of the first 
cam 144. When the output shaft 142a of the drive 
source 142 is reversely rotated at a desired timing, the 
differential gear 182 turns in a direction shown by an 



arrow D in Fig. 9 to be disengaged from the gear train 
1 46. Then, the differential gear 1 82 is meshed with a 
power-transmission gear assembly 1 84 having a pair of 
gears on a common shaft, whereby the torque of the 

5 drive source 142 is transmitted to the gear 174 of the 
feeding mechanism 170 of the wiping device 114 
through the power-transmission gear assembly 184. 
Thus, in the delivery mechanism 1 70, the pair of feeding 
rollers 172 rotate in a direction shown by an arrow E in 

10 Fig. 1 1 to feed a predetermined length of the wiping 
member 168 so as to clean a contaminated operative 
surface section 168a. 

[0090] In the illustrated embodiment, the cover 
member 124 of the suction device 110 is structured to 

15 also cover the wiping member 168 of the wiping device 
114. Consequently, it is possible to prevent dust from 
entering into and depositing on at least the operative 
surface section 1 68a of the wiping member 1 68. 
[0091] Fig. 12 shows a timing of the up-and-down 

20 motion of the body of the suction device 126, the open- 
and-close motion of the valve member 156 of the wash- 
ing device 112, the up-and-down motion of the casing 
166 of the wiping device 114 and the open-and-close 
motion of the cover member 124 of the suction device 

25 110, all being caused by the drive mechanism 128 of 
the suction device 110. A horizontal axis represents a 
rotation angle of the shaft 144a of the first cam 144 of 
the drive mechanism 128 from the home position 
thereof. — 

30 [0092] As illustrated, the home position of the shaft 
1 44a is defined in a condition where the body 1 26 of the 
suction device 110, or the respective caps 116, is 
located at the full-open position farthest from the 
respective nozzle surfaces 30 of the printing head 16, 

35 where the valve member 156 of the washing device 1 12 
is located at the full-close position to close the washing 
liquid conduits 1 58a, where the casing 1 66 of the wiping 
device 114, or the wiping member 168, is located at the 
lowermost position farthest from the respective nozzle 

40 surfaces 30 of the printing head 1 6, and where the cover 
member 1 24 of the suction device 110 is located at the 
full-close position to close the opening of the respective 
caps 116. 

[0093] When the shaft 144a is driven by the drive 
45 source 142 to rotate from the home position, the cover 
member 1 24 begins to open the openings of the respec- 
tive caps 116. Immediately before the cover member 
124 has reached the full-open position, the respective 
caps 116 begin to shift in the direction toward the 
so respective nozzle surfaces 30, and after the cover mem- 
ber 124 has reached the full-open position, the respec- 
tive caps 116 are abutted against the nozzle surfaces 
30 (at the full-close position) to cover the nozzle sur- 
faces 30. In this state, the pump 120 is actuated to suck 
55 and remove the ink in the nozzles 28. Subsequently, the 
shaft 144a is driven by the drive source 142 to rotate, 
whereby the valve member 156 moves to the full-open 
position to open the washing liquid conduits 158a. 
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When the valve member 156 is located at the full-open 
position, the pump 120 operates to supply the washing 
liquid to the nozzle region so as to wash the respective 
nozzle surfaces 30, and to suck and remove the con- 
taminated washing liquid after it is used. 5 
[0094] After the washing process, the valve mem- 
ber 156 returns to the full-close position by the rotation 
of the shaft 1 44a, and subsequent thereto, the body 1 26 
of the suction device 110, or the respective caps 116, 
moves in the direction away from the respective nozzle 10 
surfaces 30. On the other hand, generally simultane- 
ously with the disengagement of the respective caps 
116 from the respective nozzle surfaces 30, the wiping 
member 168 begins to approach the respective nozzle 
surfaces 30. After the respective caps 116 have is 
reached the full-open position, the wiping member 168 
arrives at the uppermost position to come into contact 
with the respective nozzle surfaces 30 and wipes the liq- 
uid held on the nozzle surfaces 30. Then, the wiping 
member 1 68 returns to the lowermost position by the 20 
rotation of the shaft 144a. Immediately before the shaft 
144a makes single rotation from the home position and 
the wiping member 168 reaches to the lowermost posi- 
tion, the cover member 124 instantaneously returns 
back to the full -close position due to the biasing force of 25 
the spring 148. 

INDUSTRIAL APPLICABILITY 

[0095] The present invention effectively prevents a 30 
machine size from enlarging by distributive ly arranging 
various functional stations for realizing a multifunctional 
maintenance system in an idle space within a machine 
frame. The ink-jet printer having such a multifunctional 
maintenance system can safely use a quick-dry type 35 
pigment ink, and therefore, can be suitably used as an 
industrial printer such as a bankbook printer. Further, 
when a cover member is provided in each of mainte- 
nance devices, for preventing the external dust from 
entering into and depositing on an area of each device 40 
accessible to a nozzle region during the maintenance 
operation, the ink-jet printer can be installed and used in 
various environments including a dusty environment 
where the ambient atmosphere has a high dust content. 

45 

Claims 

1. An ink-jet printer comprising: 

a machine frame; 50 
a printing head provided reciprocatingly mova- 
ble in a predetermined direction in said 
machine frame, said printing head including a 
plurality of nozzles for ejecting ink droplets and 
at least one nozzle surface on which said noz- 55 
zles open; 

ink-supply means for supplying ink to said 
printing head; 



material-feeding means for feeding a material 
to be printed into a printing area opposed to 
said printing head in said machine frame; and 
maintenance means provided with a plurality of 
functional stations distributive^ arranged at 
opposite end regions of a reciprocation range 
of said printing head in said machine frame, 
said functional stations including a sealing sta- 
tion for substantially sealing and covering said 
nozzles opening on said nozzle surface of said 
printing head during an inoperative state of the 
printer so as to prevent ink in said nozzles from 
drying, a discharging station for making ink, 
provided with an increased viscosity during the 
inoperative state of the printer, discharge from 
said nozzles, and a cleaning station for sucking 
to remove ink, provided with an increased vis- 
cosity during the inoperative state of the printer 
and for washing and wiping said nozzle sur- 
face. 

2. An ink-jet printer as defined in claim 1 , wherein said 
sealing station and said discharging station are 
arranged at one end region of said reciprocation 
range of said printing head, and said cleaning sta- 
tion is arranged at another end region of said recip- 
rocation range of said printing head. 

3. An ink-jet printer as defined in claim 1 , wherein said 
sealing station comprises a sealing device dis- 
posed in said machine frame to be shiftable in a 
direction toward and away from said printing head 
located opposite to said sealing station, and 
wherein said sealing device includes at least one 
cap for covering said at least one nozzle surface of 
said printing head when said at least one cap 
approaches said printing head, and at least one air 
conduit acting to communicate a space defined 
between said nozzle surface and said cap with- an 
ambient atmosphere and to substantially maintain 
said space at a saturated vapor pressure. 

4. An ink-jet printer as defined in claim 3, wherein said 
air conduit of said sealing device extends at one 
end thereof into said cap to open toward a bottom 
surface of said cap opposed to said nozzle surface 
of said printing head, and extends at another end 
thereof in a meandering manner to open into the 
ambient atmosphere. 

5. An ink-jet printer as defined in claim 3, wherein said 
sealing device includes an openable/closable cover 
member for substantially sealing an opening of said 
cap when said sealing device does not operate. 

6. An ink-jet printer as defined in claim 3, wherein said 
sealing device further includes a body for elastically 
supporting said cap. 
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7. An ink-jet printer as defined in claim 6, wherein a 
spherical supporting surface is provided in associa- 
tion with at least one of said cap and said body, and 
wherein said cap is supported on said body through 
said supporting surface. 

8. An ink-jet printer as defined in claim 1 , wherein said 
cleaning station comprises a suction device dis- 
posed in said machine frame to be shiftable in a 
direction toward and away from said printing head 
located opposite to said cleaning station, a washing 
device coupled to said suction device, and a wiping 
device disposed in said machine frame to be shifta- 
ble in a direction toward and away from said printing 
head located opposite to said cleaning station. 

9. An ink-jet printer as defined in claim 8, wherein said 
suction device includes at least one cap for cover- 
ing said at least one nozzle surface of said printing 
head when said at least one cap approaches said 
printing head, a pump connected with a space 
defined between said nozzle surface and said cap 
to generate a negative pressure in said space when 
said pump operates, and a waste-liquid storage 
section connected with said pump to store ink 
sucked and removed from said nozzles. 

10. An ink-jet printer as defined in claim 9, wherein said 
suction device further includes a body for elastically 
supporting said cap. 

11. An ink-jet printer as defined in claim 10, wherein a 
spherical supporting surface is provided in associa- 
tion with at least one of said cap and said body, and 
wherein said cap is supported on said body through 
said supporting surface. 

12. An ink-jet printer as defined in claim 9, wherein said 
washing device includes a washing-liquid storage 
section connected to said space defined between 
said nozzle surface of said printing head and said 
cap of said suction . device, and a valve member dis- 
posed between said space and said washing-liquid 
storage section, and wherein said valve member 
acts .to interrupt communication between said 
space and said washing-liquid storage section dur- 
ing an operation of said suction device for sucking 
to remove ink from said nozzles, and to open com- 
munication between said space and said washing- 
liquid storage section after said operation for suck- 
ing has been completed. 

13. An ink-jet printer as defined in claim 12, wherein 
said pump of said suction device operates during 
an opening state of said valve member of said 
washing device, so as to make a washing liquid dis- 
charge from said washing-liquid storage section 
into said space, and to collect the washing liquid 



into said waste-liquid storage section. 

14. An ink-jet printer as defined in claim 12, wherein at 
least one washing-liquid conduit independent from 

5 said ink-supply means is provided between said 

cap of said suction device and said washing-liquid 
storage section of said washing device. 

15. An ink-jet printer as defined in claim 12, wherein a 
10 displacement of said suction device and said wiping 

device relative to said printing head as well as an 
opening/closing operation of said valve member of 
said washing device are performed by a common 
drive source. 

15 

16. An ink-jet printer as defined in claim 9, wherein said 
suction device includes an openable/closable cover 
member for substantially covering an opening of 
said cap when said suction device does not oper- 

20 ate. 

17. An ink-jet printer as defined in claim 8, wherein said 
wiping device includes an endless tape-like wiping 
member capable of coming into contact with said at 

25 least one nozzle surface of said printing head when 
said wiping device approaches said printing head, 
and a feeding mechanism for feeding said wiping 
member every time a wiping operation has been 
completed to renew an operative section to be in 

30 contact with said nozzle surface. 

18. An ink-jet printer as defined in claim 1 7, wherein a 
displacement of said wiping device relative to said 
printing head as well as a feeding operation of said 

35 feeding mechanism are performed by a common 
drive source. 

19. An ink-jet printer as defined in claim 1 , wherein said 
ink-supply means comprises three separate ink- 

40 storage sections and three separate ink-supply 
conduits connecting said ink-storage sections to 
said printing head, and wherein said printing head 
comprises three separate subheads connected to 
said ink-supply conduits, each of the subheads 

45 being provided with said nozzles and said nozzle 
surface. 

20. An ink-jet printer as defined in claim 19, which is 
used as a color printer. 

50 

21. An ink-jet printer as defined in claim 1, which is 
used as a bankbook printer. 

22. A nozzle sealing device disposed in a reciprocation 
55 range of a printing head of an ink-jet printer, com- 
prising: 

a body shiftable in a direction toward and away 
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from said printing head located opposite 
thereto; 

at least one cap provided in said body to cover 
a nozzle surface of said printing head when 
said cap approaches said printing head; and 
at least one air conduit acting to communicate 
a space defined between said cap and said 
nozzle surface of said printing head with an 
ambient atmosphere and to substantially main- 
tain said space at a saturated vapor pressure. 

23. A nozzle sealing device as defined in claim 22, 
wherein said air conduit extends at one end thereof 
into said cap to open toward a bottom surface of 
said cap opposed to said nozzle surface of said 
printing head, and extends at another end thereof in 
a meandering manner to open into the ambient 
atmosphere. 



wherein at least one washing-liquid conduit inde- 
pendent from an ink-supply system of the ink-jet 
printer is provided between said cap and said 
washing-liquid storage section. 

5 

27. A nozzle washing device as defined in claim 25, fur- 
ther comprising an openable/closable cover mem- 
ber for substantially covering an opening of said 
cap when said nozzle washing device does not 
w operate. 



15 



24. A nozzle sealing device as defined in claim 22, fur- 20 
ther comprising an openable/closable cover mem- 
ber for substantially covering an opening of said 
cap when said nozzle sealing device does not oper- 
ate. 

25 

25. A nozzle washing device disposed in a reciproca- 
tion range of a printing head of an ink-jet printer, 
comprising: 



a body shiftable in a direction toward and away 30 
from said printing head located opposite 
thereto; 

at least one cap provided in said body to cover 
a nozzle surface of said printing head when 
said cap approaches said printing head; 35 
a washing- liquid storage section connected to 
a space defined between said cap and said 
nozzle surface of said printing head; 
a pump connected to said space to generate a 
negative pressure in said space when said 40 
pump operates; and 

a waste-liquid storage section connected to 
said pump to store a washing liquid sucked and 
removed from said space; 

wherein said pump operates, while said valve 45 
member interrupts communication between 
said space and said washing-liquid storage 
section, to suck and remove ink from said noz- 
zles of said printing head, and wherein said 
pump operates, while said valve member so 
opens communication between said space and 
said washing-liquid storage section, to make a 
washing liquid discharge from said washing-liq- 
uid storage section into said space and to col- 
lect the washing liquid into said waste-liquid 55 
storage section. 



26. A nozzle washing device as defined in claim 25, 



14 

DCCID: <EP 1080909A1J_> 



EP 1 080 909 A1 




BNSDOCID: <EP 1080909A1_I_> 



15 



EP 1 080 909 A1 



CD 




BNSDOCID: <EP 1080909A1_L> 




BNSDOCID: <EP 1080909A1 J_> 



17 




BNSDOCID: <EP 1080909A1J_> 



EP 1 080 909 A1 




20 

BNSDOCID: <EP 1080909A1_L> 




BNSDOCID: <EP 1080909A1J_> 



21 



EP 1 080 909 A1 




22 

BNSDOCID: <EP 1080909A1_I_> 



EP 1 080 909 A1 




23 

BNSDOCID: <EP 10B0909A1_I_> 



EP 1 080 909 A1 



Fig.11A 




BNSDOCID: <EP 1 080909 A 1J_> 



24 



EP 1 080 909 A1 



Fig.11B 




110 



BNSDOCID: <EP 1080909A1 J_> 



25 



EP 1 080 909 A1 



Fig.12 




26 



EP 1 080 909 A1 



Fi g . 13 




27 

BNSDOCID: <EP 1080909A1_I_> 



EP 1 080 909 A1 




28 

BNSDOCID: <EP 1 080909A 1 J_> 



EP 1 080 909 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/JP98/03936 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 6 B41J2/165, 2/175, 2/18 r 2/185 

According to International Patent Classification (IPC) or to both national classification and IPC 



B FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI* B41J2/165, 2/175, 2/18, 2/185 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922*1996 Toroku Jitsuyo Shinan Koho 1994-1998 

Kokai Jitsuyo Shinan Koho 1971-1998 Jitsuyo Shinan Toroku Koho 1996-1998 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Gtation of document, with indication, where appropriate, of the relevant 



Relevant to claim No. 



A 



JP, 4-126259, A (Canon Inc.), 
27 April, 1992 (27. 04. 92), 

Page 3, upper left column, line 1 to page 12, upper 
right column, line 20 (Family: none) 

JP, 7-186397, A (Fuji Xerox Co., Ltd.), 

25 July, 1995 (25. 07. 95), 

Page 3, left column, line 48 to page 4, left column, 
line 32 (Family: none) 

JP, 6-122266, A (Dainichl Seika Colour 6 Chemicals 

Mfg. Co., Ltd.)r 

6 May, 1994 (06. 05. 94), 

Page 2, left column, lines 17 to 26 (Family: none) 

JP, 2-263655, A (Ricoh Co., Ltd.), 

26 October, 1990 (26. 10. 90), 

Page 4, upper right column, line 20 to page 7, lower 
right column, line 8 (Family: none)- 



j"x) Further documents are listed in the continuation of Box C £^ See patent family annex. 



* Special categories of died documents; 

"A" document defining the general state of the an which is not 

cocttdcrcd to be of particular relevance 
"E" earlier docmneal but published on or alter the international filing date 
"L" document which may throw doubts on priority eJaimfs) or which is 

cited to establish the publication dale of another citation or other 

special reason (as specified) 
"O" document referring to an oral disclosure, use, exhibition or other 

" V document published prior to the international filing dale but later thna 
the priority date claimed 



T later document published after the uteroaboaal filing date or priority 

date and not is conflict with the apebcutiou but cited to understand 

the principle or theory undertytog the invention 
"X" document of particular relevance; the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive step 

when the document is takes alone 
~Y" document of particular relevance; the churned Invention cannot be 

considered to involve an inventive step when the document is 

combined with one or more other such documents, s uch combination 

being obvious to a person dolled in the art 
"A* document member of the mme patent family 



Date of the actual completion of the international search 
7 October, 1998 (07. 10. 98) 



Date of mailing of the international search report 

20 October, 1998 (20, 10. 98) 



Name and mailing address of the ISA/ 

Japan se Patent Office 

Facsimile No 



Authorized officer 



Telephone No. 



Form PCT/ISA^IO (second sheet) (July 1992) 



29 



BNSDOCID: <EP 108O909A1 J_> 



EP 1 080 909 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP98/03936 





C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 




Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 




X 


JP, 9-123469, A (Ricoh Co., Ltd.)* 
13 May, 1997 (13. 05. 97), 

Page 2, left column, line 30 to page 4, left column, 
line 44 (Family: none) 


22 j 




X 


JP, 8-150734, A (Canon inc.), 
11 June, 1996 (11. 06. 96), 

Page 4, right column, line 7 to page 12, right column, 
line 14 (Family: none) 


25, 26 



Form PCT/IS A/210 (conunuattoo of second sheet) (July 1992) 



30 



BNSDOCIO: <EP 1080909A1_I_> 



